To evaluate reactivity to assess the temperament of Nellore steers in two feedlot housing systems (group pen or individual pen) and its relationship with plasmatic cortisol, 36 experimental units were observed five times at 28-day intervals of weight management during a 112-day feedlot confinement. A reactivity score scale ranging from 1 to 5 was applied when an animal was in the chute system. To the calmest animal, a reactivity score of 1 was ascribed and to the most agitated, 5. Blood samples were collected for cortisol analysis. No differences were found in reactivity and feedlot system. There was a relationship noted between reactivity and feedlot time in both housing systems (P b 0.01). There was a relation between reactivity and cortisol levels for group animals (P = 0.0616) and for individual ones (P b 0.01). Cortisol levels varied among housing systems (P b 0.01). Feedlot time influenced the cortisol levels (P b 0.09 individual; P b 0.01 group) and when variable time was included, these levels changed, decreasing in the group pen and increasing in individual pens. The continuous handling reduces reactivity and plasmatic cortisol, and group pen system seems to be less stressfully than individual pens.
Introduction
Despite the extensive grazing system for cattle in Brazil, the intensive feedlot system has been a widely used option in the final stage of the marketing process, with the aim of shortening the productive cycle. Nellore is one of the Zebu cattle breeds most used by Brazilian farmers because of its adaptability to tropical conditions. Due to the animals' nervousness, feedlot management can be more prone to accidents involving people and animals. Thus, this system demands more labor and is also more time consuming.
Among the most important behavioral traits, temperament reflects the ease with which animals respond to handling, treatment, and routine management. Animals with disposition problems are a safety risk to handlers, themselves, and other animals in the herd (Dolezal et al., 2002) .
In cattle, there is a significant relationship between temperament and productivity. Cattle that became agitated during restraint in a squeeze chute had lower weight gains and harder meat (Burrow, 2003; Voisinet et al., 1997) . Burrow and Dillon (1997) found that cattle that exited slowly from a squeeze chute had greater weight gains than those that exited the squeeze chute quickly.
Reactivity is one aspect of temperament and is defined by the quality or state of the one who protests or fights. Its expression depends on a series of components-intensity of Livestock Science xxx (2010) xxx-xxx stimuli, motivation, and response intensity (see review by Burrow, 1997) .
Besides behavioral evaluation, some physiological responses can be directly related to the measure of reactivity, as plasmatic concentrations of cortisol. The hormones produced by the endocrine system play a critical role in the development and expression of a series of behaviors (changes in position, movements, and flight speed). Of all the endocrine axes, the HPA axis has been studied the most (Chackleu, 1996; Nemeroff, 1996) and was found to play a key role in handling internal and external stress stimuli. The behavior is the first stress response during stressful conditions, than the physiological activation of the HPA axis and the consequent variation of plasmatic cortisol (Moberg, 2000) .
The objectives in this study were to compare temperament appraisals using chute score (a subjective technique) with two housing systems (individual pen vs. group pen) over repeated observations, as well as the relationship of the temperament assessments with concentrations of plasmatic cortisol.
Materials and methods
The experiment was conducted at the Laboratory of Biometeorology and Ethology-FZEA-USP, in Pirassununga, SP, Brazil (21°80′ 00″ S, 47°25′42″ W, 634 m altitude) and all procedures have been approved by the USP Ethics Commission under the University of São Paulo, Brazil.
Animals and housing
Thirty-six Nellore steers with initial weight of 322.5 kg (±24.3) and 20 (±3) months that were under extensive management systems were used in the study. The animals were placed in two types of experimental housing systems: the first one consisted of two pens with 230 m 2 each (19 m 2 / animal) with a capacity load of 12 animals/pen. These pens had an automatic gate system in the feed bunk that avoids dominance and aggressive interactions among animals. The second system was composed of 12 individual pens, with 20 m 2 each, partially covered with cement roofing, and concrete feed bunks. The animals had an 8-day adaptation phase in the two corrals; they were then allocated according to the management system of the research, 12 in each pen (total of 24 animals) and 12 in individual pens. Each animal was defined as one replicate in its housing group for statistical analysis (Tapki and Sahin, 2006) .
Collection of data
All animals were evaluated five times every 28 days until the end of the feedlot period in 112 days, during weighing management between 6:00 h and 9:00 h. To evaluate how the temperament reflects the ease with which animals respond to handling, housing type, and weighing routine management, cattle walk into a chute system where they were weighed and a score was assigned. The observation for posterior attribution to the score was made by one observer by focal method, for 30 s, during the stay of the steer on the scale (contention method). The reactivity score for each animal was defined by a scale (Table 1) adapted from posterior research such as those of Hearnshaw and Morris (1984) , Voisinet et al. (1997) and Dolezal et al. (2002) .
After weighing, steers were subsequently processed through a next chute and restrained with a squeeze to allow the collection of blood samples through jugular puncture using heparinized tubes. The blood samples were then centrifuged at 3000 rpm for 15 min at 4°C to separate the plasma. Each sample was placed in 1.5 ml eppendorf tubes and frozen at −25°C until the analyses were made.
The analysis of cortisol levels was done at the Laboratory of Animal Physiology of FZEA-USP, according to manufacturer's instructions. The readings of the samples were made by ELISA (Labsystem Multiskan Version 8.0). The plasmatic cortisol measures were calculated through the absorbance of the samples and the standard curve, determined by the Labsystem Gênesis V3.03 software.
The same group of people and the same facilities were always used to handle the animals during the experimental period. Handling was done to avoid fear-inducing situations, as humans shouting or waving sticks with plastic or cloth attached.
Statistical analysis
For statistical analysis, data collected from the reactivity evaluation in the scale (chute) and the values of plasmatic cortisol were considered. Behavioral data were tested for normality by a histogram and parametric statistics were used. Traditionally, researchers such as Fordyce et al. (1988) and Mourão et al. (1998) have used this system, which is possible due to the approximation of a normal distribution that these scales present. As such, the measured characteristics were analyzed statistically considering the composite symmetric covariance, which applies the maximum restricted likelihood, with the use of the MIXED procedure statistical program SAS 9.1 (2004). This covariance structure was used due to the presence of repeated measurements. The same covariance method was used because it allows the evaluation of homogeneity in the variances and it adjusts to the covariance of the samples. Type "cs" was used in the analysis to include each animal as an experimental unit (n = 36; df = 1 for treatment; df = 34 for residual). The mathematical models were established according to each variable measured in the study.
Cortisol: the effect of the treatment (individual pen or group), time as covariable (in relation to days) of treatment, effect on the animal and residual as random. Reactivity 1: the effect of the treatment (individual pen or group), cortisol as covariable in the treatment, effect on the animal and residual as random.
Reactivity 2: treatment effect, time as covariable (linear and quadratic), effect on the animal and residual as random.
The results are presented as least square means through the F test. The effects of the possible interactions that were not significant (P N 0.10) in the study and/or could not be tested due to the distribution of the information were withdrawn from the study's final analysis. Statistical comparisons were made on least square means with an approximation using chi-square test.
Results
Although there was no significant difference in the reactivity parameter considering the kind of housing, group pen or individual pen, the reactivity tends to reduce (P b 0.01) considering the long stay of the steers in the feedlot until their transfer to the slaughterhouse ( Fig. 1; Table 2 ).
There was a relation between reactivity and cortisol levels for animals in group pen (P = 0.0616) and in individual pens (P b 0.01). However, this relationship was positive for grouped animals and negative for individual ones (Table 3) .
There was a positive effect of time spent in the feedlot in relation to cortisol sampled from the animals in the individual pens (P = 0.09) and a negative relation was found for animals in the group pens (P b 0.01; Table 3 ; Fig. 2 ). The cortisol levels sampled from the grouped animals tend to decrease along the time. There was interaction between day of sampling and cortisol values of the animals.
The cortisol levels differed between housing systems, individual or group (P b 0.01; Table 3 ). The higher mean values were found for the group (28.36 ng/mg) as against the individual pens' 18.79 ng/mg (Fig. 3) .
Discussion
The subsequent experiences with weighing resulted in a decrease of reactivity scores independent of setting (individual or group). These results are similar to the findings of Crookshank et al. (1979) and Curley et al. (2006) -the more acquainted to the procedure the animal is, the less reaction they present. On the other hand, using flight speed (FS) as another tool to measure temperament, some authors found that FS increased slightly over time in both B. indicus and B. taurus cattle (Müller and von Keyserlingk, 2006; Petherick et al., 2002) . Authors may attribute this increase to repeated handling of the test animals, which may led to an increase in their fearfulness (Petherick et al., 2002) . Because an animal's behavior can be influenced by past experiences, scoring should be conducted at weaning. This will reduce the extent to which current behavior has been influenced by prior handling experiences (Dolezal et al., 2002) . Nevertheless, in the present study, there was no stressful handling; only positive experiences were looked for, avoiding fear memories that can never be erased.
Temperament and stress have been closely associated, and the behavior of cattle has become a method for indicating or selecting cattle that could be more stress responsive cattle or less adaptive (Curley et al., 2006) .
The animals that lived alone (in individual pens) did not learn to express a normal submissive behavior, on the other hand, animals in group pens learned how and when to limit their aggressiveness through interaction with peers (Price and Wallach, 1990) . This explanation matches the findings of this research-the steers that were kept alone presented visible aggressive traits during handling, especially toward the end of the experiment. Many tests to assess fear incorporate social isolation (Mason, 2000) .
The results found for steers placed in pens confirmed the observations of Andrighetto et al. (1999) , who studied social interactions among young cattle; they detected certain social behaviors within a group, like visual, vocal and olfactory communications. It helped to minimize the habitual discomfort of a feedlot environment, which is limited in space and comfort, thus making the animals less reactive and less physiological stressed. Becker and Lobato (1997) reported that the smallest reactivity scores presented at the end of certain processes such as raising and handling, happened because of adaptation to human handling and to facilities used, which is also responsible for the lower cortisol levels of these animals. Relationship found between high levels of cortisol and greater hesitation when entering a stressful situation (a holding Fig. 1 . Variation in reactivity in steers housed in group or 1 individual pens throughout the feedlot time. During the feedlot period, reactivity was observed every time the animals were weighed (n = 36). The points show the observed reactivity for the two housing systems and the line shows the mean predicted values for both systems. corral) and more vocalizations in the stressful situation provide strong and consistent evidence that cortisol levels are related to anxiety-related behaviors in cattle in nonstressful and stressful situations (Bristow and Holmes, 2007) . Grandin (1993) also found that repeated weighing resulted in a lower mean value of cortisol concentration. The decrease of cortisol could suggest physiological down-regulation or adaptation to the new environment (Higashiyama et al., 2007) .
Cattle tend to be less agitated during handling if they are grouped rather than single (Grandin, 1987) , probably because they are less fearful (Petherick et al., 2002) . Therefore, as reactivity seems to reduce along the feedlot period, this allowed us to suppose that housing animals as a group is a better feedlot system as plasmatic cortisol levels decreased along confinement period.
There is a possibility that the higher mean value of detected cortisol in the animals in group pens was due to a higher stress level during adaptation to learn how to use the electronic gates at the feeding bunks. These hormonal changes presumably could underlie adaptive changes.
The chronic stress could be another explanation of the reducing of cortisol levels in grouped animals. A decrease in plasma cortisol levels has been observed previously in chronically heat-stressed cows (Bell et al., 1989; Christison and Johnson, 1972) . Although reactivity behavior seems to have the same decrease tendency between the two housing types, the differences of cortisol levels could be the physiological answer in stress situation. The handling system was the same in the two housing systems, so living as a group can be attributed to the decreased of plasmatic cortisol concentrations as cattle are gregarious animals (Bouissou et al., 2001 ).
Conclusion
The results of this study show that housing cattle in group or individual in feedlots did not alter reactivity of weighing, which reduced along the confinement period. However, the cortisol levels tend to increase in individual housed animals and decreased in grouped animals. This relationship between cortisol and housing system should be considered with caution and warrants further investigation to avoid the hypothesis of chronic stress in animals in group. Fig. 2 . Mean concentrations of plasma cortisol of steers housed in the individual pens or group pen during feedlot period. Animals blood was drawn every 28 days after the reactivity score was assigned (n = 12 for individual; n = 24 for group). Fig. 3 . Evolution of cortisol levels (dotted line) and reactivity scores (full line) observed in group pen animals (n = 24) weighed every 28 days. Blood samples were drawn after the reactivity score was assigned.
